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MONOCLONE ANTIBomrs TOIC^REACTIVE rnrn^ . 

This application is a continuation in part of 
application Serial No. 07/372, 4<H 

19Rq « M , " = * iled June 27, 

1989, for Monoclonal Antibodies To C-Reactive Protein. ^ 

BACKGROUN D OF THR INVENTION 

C-reactive protein (CRP) is a prototype acute 

In i r t T 1 K 1 WhiCh inCreaS6S **™^y *» concentra- 
tion an the blood during the first 24-46 hours of tissue 

12. 67 (1982), and tests that Measure CRP areTsTT" 
cl,n 1C all y to monitor the course of inf lavatory reactions 
CRP and/or CRP complexes .can activate the complement 
system, Kaplen and Volanekis, g.Xmmuno! , ^XTs ". 
S "** et al. ( 0^^^, 631^974). ^" 4> ' 

can also bind to and promote the activation of neut^hils 
and macrophages and enhance the respiratory burst response 

et ITV 6 t0 " rtain StimUU Mortensen 
V ] ^JMHBal. , 117/ 774 (1976); Kilpatrick and 

Volanakis, J^lmmunol. . 134, 3364 (1985); 2e ller et 
J- Lab. Clin Mgd , log, 567 (1986); Ze ll er et 
al-. J. Leukocyte Binl ., 40, 769 (1986) CRp ^ 
capacity to protect. against pneumococcal infections 
influence clearance reactions, modify antibody formation 
to certain antigens and inhibit the metastasis iTc^Z 
tumors in the mouse in vivo . Mold et al . , - " """" 
1M. 1703 (1981); Nakayama et al., r^t^gi^' 
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2435 (1982); Nakayama et al . , J. Immunol .. 54, 319 (1984); 
Deodhar et al.. Cancer Res. . 42, 5084 (1982). These 
properties suggest a significant biological role for 
. CRP. ■ 

■• Native CRP is a cyclic pentamer composed of 
five identical, noncovalently-associated subunits, with 
its prototypic binding reactivity directed to phosphoryl- 
choline (PC) in the presence of calcium. Volanakis 
and Kaplan/ Proc. Soc. Exp. Bio. Med. . 136 , 612 (1971). 
Recently in Potempa et al., Molec. Immunol .. 20, 1165 
(1993) an<d Potempa et al . , Molec. Immunol .. 24, 531 
(1987), a\"neo-CRP" antigenicity was described. The 
neo-CRP antigenicity is expressed by native CRP modified 
by urea-chelation, acid treatment, heating, or direct 
immobilization on polystyrene plates. The neo-CRP anti- 
genicty is also- expressed on the intact CRP subunits 
and on. the in vitro translation product of the CRP gene 
produced Jpy hosts transformed with the gene by recombinant 
DNA techniques, Mantzouranis et al., Pediatric Res. . 
IB, 260a (1984) . 

The two molecular configurations of CRP can 
be distinguished antigenic ally, electrophoretically and 
by ligand finding reactivity. Potempa et al . , Molec. 
Immunol . > 20 , 1165 (1983) and Potempa et al., Molec. 
. , Immunol., 24, 531 (1988). Polyclonal goat anti-native 
CRP reacted preferentially with both free and ligand- 
bound CRP ^n the presence of calcium (i.e., with native 
CRP epitopes), but showed no or minimal reactivity with 
CRP immobilized directly on solid phase surfaces or 
treated with urea, acid or heat in the absence of calcium. 
. By contrast, polyclonal goat anti-neo-CRP showed pre- 
ferential Reactivity with CRP modified or immobilized 
in the absence of. calcium (i.e., with neo-CRP epitopes) 
and little^or no reactivity with CRP bound to ligands 
in the presence of calcium. 
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Forms of CRP expressing neo-CRP epitopes have 
the ability to activate and modulate the functional 
responses of platelets , polymorphonuclear leukocytes 
and monocytes, Potempa et al., Inflammation , 12, 391 
(1988). Further, polyclonal antiserum to neo-CRP has 
been used to look for neo-CRP determinants in serum and 
tissue. Neo-CRP antigenicity has been found on the 
surface of human natural killer (NK) cells and B lympho- 
cytes. Bray et al., J. Immunol :, 140 , 4271 (1988), as 
well as in human skeletal muscle tissue, Rees et al . , 
Clin. Res. . , 37 , 559a (1989). Potempa et al. , Molec. 
Immunol . , 24 , 531 (1987) described neo-CRP reactivity 
in the serum or plasma of patients with rheumatoid, 
arthritis. Rees et al., Clin. Immune?! . Immunopathol . . 
4B, 95 (1988) demonstrated neo-CRP reactivities in frozen 
sections of acute phase but not normal rabbit liver and 
in necrotic but not normal rabbit muscle. The presence 
of neo-CRP determinants in. acute phase liver was in- 
terpreted to result from de novo synthesis of the CRP 
subunit, since primary translation products of both 
human CRP (Mantzouranis et al . , Pediatric Res. . 18 . 
260a (1984)) and rabbit CRP (Samols et al., Biochem. 
J^, 227 , 759 (1985)) had been shown to precipitate with 
a polyclonal antibody specific for neo-CRP epitopes. 
The expression of neo-CRP epitopes in necrotic tissue 
was attributed to in situ acute phase modification of 
the CRP molecule. These properties suggest a significant 
biological role for neo-CRP, as well as native CRP. 

Additional articles describing neo-CRP and 
its properties include: Potempa et al, Pro tides of the 
Biological Fluids , 34, 287 (1986); Bray et al . , Clin. 
Immunol. Newslette r 8, 137 (1987); Samberg et al., 
Cellular Immunology , in press; Gupta et al., Arthritis 
& Rheumatism , 31, R39a (1988); Chu et al.., Amer. Assoc. 
Cancer Res. , 29, 371a (1988); Dougherty et al., Protides 
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of the glological Fluids. 34, 291-93 ( 1986 ); and Chudwin 
et al./'J. Aller gy Clin. Immunol. . 77 , 2169 (1986). 

Monoclonal antibodies to CRP prepared using 
native GRP as the immunogen are known. See Kilpatrick 
. et al., Mblec Immunol. , 19, 1159 (1982); Tseng et al . , 
Hvbridoma, 7, 185 (1988); Kearney et al., Immunol. 
Communications, 11, 275-82 (1982); Hirai et al., Protides 
of ^the Biological Fluids. 34, 283 ( 1986 ); Tseng and 
Mortensen, Molecular Immunology . 25 , 679 (1988); Roux 

al., J. Immunol;. 131. 2411-15 (1983); Volanakis and 
Kearney, J. Exp. Med. . 153, 1604 (1981). However, no 
reports describing monoclonal antibodies having the 
properties of the monoclonal antibodies of the present 
invention' are known to Applicants. In particular, prior 
to the present invention, monoclonal antibodies reactive 
with modified CRP were not known. 

SUMMARY OF THE INVENTION 

Monoclonal antibodies ("mAbs") to human CRP 
have been prepared which react with either native CRP, 
modified '."CRP or both forms of the molecule. "Modified 
CRP 1 ? as used herein means CRP modified by immobilization 
on solid -surf aces, heating, urea-chelation, sodium dodecyl 
sulfate treatment, acid treatment, other denaturation 
methods or other methods which can result in a conforma- 
tional change in a protein. The term also means any 
form of CRP that expresses neo-CRP antigenicity. 

The mAbs of the invention were divided into 
four groups according to their binding characteristics 
to various CRP preparations using a combination of ELISA, 
dot blot and Western blot assays. The CRP preparations 
used included: native CRP; CRP modified by immobilization 
on polystyrene plates, by urea-chelation and by sodium 
dodeicyl sulfate treatment in the absence of calcium; 
intact CRP subunits; Pronase-digested CRP fragments; 
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and CRP peptides. The mAbs were further characterized 
based upon their reactivity with CRP in the presence of 
calcium, their. inhibition by phosphorylcholine (PC), 
their reactivity with serum amyloid P component and 
their reactivity with rabbit CRP. 

The first group of mAb have the following - 
specificities: 

(a) they react with native human CRP; 

(b) they do not react with modified human. 

CRP; 

(c) they do not react with intact human CRP 

subunit; 

(d) they do not react with fragment A of 
Pronase-digested human CRP; 

(e) they do not react with fragment B of 
Pronase-digested human CRP; 

(f) they do not react with CRP peptides 1, 
2, 3 or 4 {these peptides are described below) ; and 

(g) they do not react with serum amyloid P 

component. 

Further reactivities of the mAb of this first 
group define at least four epitopes on native human 
CRP: 1) a calcium-dependent, PC-inhibi table idiotope; 
2) a calcium-dependent, non-PC-inhibitable epitope; 3) 
a calcium-influenced, EDTA-enhanced epitope; and 4) a 
calcium-independent epitope which also displays a unique 
cross reactivity with rabbit CRP. 

The second group of mAb react with native 
human CRP and with modified human CRP, thus identifying 
a fifth native CRP epitope. These mAbs display sig- 
nificantly greater reactivity with native, than with 
modified CRP. The mAb of this second group have the 
following additional specificities: 

(a) they react with intact human CRP subunit; 
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-(b) they do not react with fragment A of 
Pranase-digested human CRP; 

(c) they do not react, with fragment B of 
Pronase-digested human CRP; 

(d) they recognize a calcium- independent 
epitope on native human CRP; 



%■ (e) their ^activity with native human CRP 
is not, inhibited by PC; 

(f) they do not react with CRP peptides 1 

2, 3 or 4;. 

(g) they react with modified rabbit CRP; 



and 



(h) they do not react with serum amyloid P 

component ; 

The third group of mAb have the following 
specificities: 

(a) they do not react with native human 

CRP ■ 

• (b) they react with modified human CRP; 
CO ' they react with intact human CRP subunit; 
(d> they react with fragment A of Pronase- 
digested human CRP; 

(e) they do not react with fragment B of 
Pronase-digested human CRP; 

(f) they do not react with CRP peptides 1 

2, 3 or 4; 

(g) they are not able to bind fluid phase 
native human CRP in the presence or absence of calcium; 

(h) they do not react with serum amyloid P 

component: 

Certain of the mAb of this third group have 
the further specificities: 



unit; 



(h) they react with modified rabbit CRP; 

(i) they react with intact rabbit CRP sub- 
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(J) they react with fragment A of Pronase- 
digested rabbit CRP; and 

(k) they do not react with fragment B of 
Pronase-digested rabbit CRP. 

The fourth group of mAb have the following 
specificities: 

(a) they do not react with native human CRP; 

(b) they react with modified human CRP ; 

(c) they react with' intact human CRP subunit; 

(d) they do not react with fragment A of 
Pronase-digested human CRP; 

(e) they react with fragment B of Pronase- 
digested human CRP; 

(f ) they do not react with CRP peptides 1 2 

or 3; 

(g) they are not able to bind fluid phase 
native human CRP in the presence or absence of calcium; 

(h) they do not react with serum amyloid P 

component. 

Most of the fourth group of mAb also react 
with CRP peptide 4. This peptide is an octapeptide 
identical to the carboxyl-terminal sequence of human 
CRP. 

Finally, certain of this fourth group of mAb 
have the following additional specificities: 

(h) they react with modified rabbit CRP ; 

(i) they react with intact rabbit CRP subunit; 
(j). they do not react with fragment A of 

Pronase-digested rabbit CRP; and . 

(k) they do react with fragment B of Pronase- 
digested rabbit CRP. 

The invention. also comprises hybridomas capable 
of producing mAbs having the specificities outlined 
above. The invention further provides immunoassays for 
detecting or guantitating native CRP or modified CRP 
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comprising contacting the native CRP or modified CRP 
with a mAb of the invention having an appropriate speci- 
ficity. 'Finally the invention provides kits for detecting 
or guantitating native CRP or modified CRP comprising a 
container of a mAb according to the invention having 
the : proper specificity. 

. BRIEF DESCRIPTION OF THE DRAWINGS 

- FIGURES 1A-1F: Binding of mAb representative 
of each major group of mAb (the properties of which are 
further described below) by EL ISA analysis to CRP captured 
by immobilized PC-KLH in the presence of calcium < » ) 
and CRP directly immobilized in the absence of calcium 
( O > (E^rures 1A -ID). Figures IE and IF show the 
reactivities of polyclonal goat antisera predominantly 
reactive with native- and neo-CRP epitopes, respectively. 

FIG - 2 - Western blot analysis of CRP in SDS-PAGE 
using. mAb^ Protein blots in the first three lanes (lane 
1, standards; lane 2, CRP; and lane 3, Pronase-treated 
CRP} were stained with Amido Black directly with no 
blocking,, while in the other lanes, the mAb were incu- 
bated with, the. blots after blocking. Lane 4 was incubated 
with mAb IDS; lane 5 with mAb 2C10; lane 6 with mAb 
6B7; lane- -7 with mAb 3H12; lane 8 with mAb 6A5; lane 9 
with mouse. Ig control; lane 10 with goat polyclonal 
ant4 native CRP 1A1; lane 11 with goat polyclonal anti- 
neo-CRP LF8; and lane 12 with the goat Ig control. 

FIG. 3. Inhibition of the binding of mAb 
3H12 to ijiimobilized CRP by synthetic peptides using 
ELISA analysis. Peptide 1 (#) is identical to CRP 
residues 23-30; peptide 2 (O) is identical to CRP 
residues 109-123; peptide 3 (Q ) Is identical to CRP 
residues 137-152; and peptide 4 is identical to 

CRP residues 199-206. 
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«. v.. £JS^_4. Fhosphorylcholine (PC) inhibition of 
the binding of biotinylated CRP to mAb. The mAb were 
used at concentrations giving 25 - 50% maximal color 
change. Biotinylated CRP was added at a concentration 
of 1 x 10 „. The effects of increasing concentrations 
of PC onmAb 4H2 (#>, JEV-EA4-1, 15-2C10 ( Q , 

and JEV-HD2-4 ( A ) are shown _ 

DETAILED DESCRIPTION OF THE PRESENTLY 
PREFERRED FMBODTMEMTg _ fRESENTLY 

Techniques of preparing mAbs (mAb) are well 
known, and mAb to native CRP and modified CRP may be 
prepared using any of these known techniques. Briefly 
immunoglobulin secreting cells from animals immunized ' 
with native CRP or modified CRP are fused to cells of 
an immortal cell line such as myeloma cells. Th e re- 
sultant hybrid cells ("hybridomas") are cloned and 
screened for the production of antibodies having the 
desired specificities. 

The mAbs of the invention may be used in immuno- 
assays to detect or guantitate native CRP and modified 
CRP. Any known immunoassay technique may be used, except 
that certain additional considerations are necessary 
when performing solid phase immunoassays for native 
CRP since immobilization of native CRP on a plastic 
solid surface results in modification of CRP . To over _ 
come this problem, a ligand capture assay li ke th ose . 
described in Example 2 below should be used when a solid 
phase assay for native. CRP is desired. 

Kits for detecting or quantitating native CRP 
or modified CRP are also part of the invention. A suitable 
kit comprises a container holding a mAb according to 
the present invention of the proper specificity. The 
mAb may be labeled or unlabeled. 
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. . Methods of using modified CRP and antibodies 
to modified CRP to detect or quanta tate- immune complexes 
and to remove aggregated immunoglobulins or immune com- 
plexes from fluids are described, in U.S. patent appli- 
cation Serial No. 07/176.923 and PCX application US/89/01247 
the disclosures of which are incorporated herein by 
: . reference. , In particular,, the applications describe a 
method of removing aggregated immunoglobulins or immune 
complexes from a fluid, such as serum, plasma or a diag- 
nostic or therapeutic reagent fluid. The method comprises ■ 
contacting the fluid with modified CRP so that the aggregated 
immunoglobulins or immune complexes bind to the modified 
CRP; and separating the fluid from the aggregated immuno- 
globulin or immune complexes bound to the modified CRP. 

These applications further describe a method 
of removing aggregated immunoglobulins or immune complexes 
from fluids comprising contacting them with an antibody 
to modified CRP. The immune complexes or aggregated 
immunoglofeulin may naturally contain modified CRP, or 
may be reacted with modified CRP before, or simull 
taneously with, being contacted with the antibody to 
modified CRP so that they may be removed from the fluid 
by the antibody. 

.Also described is a method of detecting or 
quantitating immune complexes comprising: contacting 
the immune complexes with modified CRP so that the immune 
complexes bind to the modified CRP; and detecting or 
quantitating. the Immune complexes bound to the modified 
CRP by adding a labeled component that binds to the 
immune complexes or to modified CRP. The labeled com- 
ponent may be antibody to modified CRP. 

These applications further describe a method 
of detecting or quantitating immune complexes comprising 
contacting-' them with an antibody to modified CRP. As 
with the removal method described above, the immune 
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complexes or aggregated immunoglobulin may naturally 
contain modified CRP, or may be reacted with modified 
CRP before, or simultaneously with, being contacted 
with the antibody to modified CRP. 

The two applications also describe devices., 
for removing aggregated immunoglobulins or immune com- 
plexes from fluids. A suitable device may comprise 
modified CRP bound to a solid surface and a means for 
encasing the solid surface or, • alternatively, may com- 
prise antibody to modified CRP bound to a solid surface 
and a means for encasing the solid surface. 

The solid surface on which the modified CRP 
or antibody to modified CRP is immobilized and the en- 
casing means of the device may be any "biocompatible 
material. For instance, the solid surface may be a 
membraneous surface, agarose-based beads or hollow fibers 
coated with modified CRP or antibody to modified CRP. 
The device may be a column packed with beads, a hollow 
fiber membrane encased in a cylinder like those used in 
renal dialysis, a micro titer plate containing wells, or 
any suitable surface, coated with modified CRP or anti- 
body to modified CRP. The. device may also include 
appropriate tubing for connecting it to a patient and a 
pump to aid the passage of the fluid through the device 
and to prevent air from entering the system. The device 
may be sterilized for therapeutic use, and sterilization 
may be accomplished in conventional ways such as purging 
with ethylene oxide or by irradiating the. device. 

Finally, these two applications describe kits 
for detecting or guanti-tating immune complexes*. A 
suitable kit comprises a container holding antibody to 
modified CRP. Another suitable kit comprises a container 
holding modified CRP and, optionally, a container of a 
labeled component that binds to immune complexes or 
modified CRP to allow the immune complexes to be detected 
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or quan^itated. The labeled component may be antibody 
to modified CRP. 

. The modified CRP used in the method, kits and 
devices disclosed in these two applications is the same 
as the modified CRP described herein. Accordingly, the 
monoclonal antibodies of the present invention directed 
to epitopes on modified CRP may be used in the methods, 
kits and. devices described in U.S. patent application 
Serial Ni, 07/176,923 and PCT application US/89/01247 
wherever it is. indicated that antibodies to modified 
CRP should. be used. 

The antibodies of the present invention may 
also be used to purify modified CRP for use in the assays 
described" in these two applications which employ modified 
CRP. In ^particular, the mAbs of the present invention 
may be useful in purifying modified CRP from cell culture 
supernatajits of microorganisms genetically engineered 
to produced CRP, which as noted above expresses neo-CRP 
antigenicity. Of course, the mAbs of the present in- 
vention living specificity for native CRP may be utilized 
to purify; native CRP. 

-Methods of purifying antigens with antibodies 
are well known. For instance, modified CRP or native 
CRP could be purified by contacting the modified or 
native CRP with an antibody according to the present 
invention, of the proper specificity. The antibody could 
be immobilized on a solid surface such as agarose beads 
and used as a column. Modified or native CRP bound to 
antibody .can be eluted using known means. 

Immunoassays for detecting or quantitating 
native CR£, modified CRP or immune complexes are those 
known in the art,, with the exception stated earlier 
that solid-phase assays for native CRP must be performed 
by the ligand. capture technique. Such suitable con- 
ventional immunoassays that may be used otherwise include 
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competitive assays and immunometric assays. Example, 
ox the latter type are radioimmunometric assays ( IRMA) 
and enzyme-linked immunosorbent assays (ELISA) I„ a 
competitive assay, the antigen is labelled with a de- 
tectable label. The sample containing the antigen is 
incubated with. the antibody and the labelled antigen 
and after formation of immune complexes, separation and 
detection, the level of antigen in the sample is de"- 
termined. 

In one mode of performing the immunometric 
assay the antigen is immobilized on a solid phase, e g 
on. the surface of microtiter plate wells. The antibody' 
or an antigen-binding fragment of the antibody is de- ' 
tectably labelled. Incubation of sample with labelled . 

and tl leSd3 t0 " inOTObiU " d antigen-antibody complex 
and after separation of unbound antibody, the amount 
of label is proportional to the amount of antigen. 

In another immunometric (sandwich) assay one 
antigen-binding antibody is detectably labelled. Mother 
antibody binding the same antigen is immobilized on a 
solxd phase. Incubation of antigen with labelled and 
immobilized antibody leads to a sandwich and, after 
separation of unbound antibody, the amount of label is 
proportional to the amount of antigen. Immunometric 
assays can be carried out in forward, reverse or simul- 
taneous modes, depending on the order of addition of 
the immobilized and/or labelled antibodies. 

The specific concentrations, the temperature 
and tame of incubation, as well as other assay conditions 
can be varied depending on such factors as the concen- 
trate of the antigen in the sample, the nature of the 
sample, and the U te . Those skilled in the art will be 

Zr\ \ Tl — °P~mal assay conditions 

for each determination while employing routine experi- 
mentation. 
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4., There are many solid surfaces on which the 

antigen or antibody can be immobilized and which can be 
. us-Sb in fie present invention. Suitable solid surfaces 
are well .known and include glass, polystyrene, poly- 
propylene, polyethylene, dextran, nylon, natural and 
modified -celluloses, polymethylmethacrylate, polycar- 
bonate, polysulfone, polyacrylonitrile, latex beads, 
- polyvinyl alcohol, gels, clay, polyacrylamides and 

agaroses. Those skilled in the • art will know many other 
suitable solid surfaces for binding, or will be able to 
ascertain such, using routine experimentation. 

.Depending on the particular embodiment of the 
assay of the invention, the antibody or the antigen-binding 
fragment thereof may be coupled with a detectable label 
such". as an enzyme, radioactive isotope, fluorescent 
compound or metal, chemi luminescent compound, or bio- 
luminescent compound . Furthermore, the binding of these 
labels to ; the desired molecule can be done using standard 
techniques common to those of ordinary skill in the 
art. 

One of the ways in which the antibody can be 
detectably labelled is by linking it to an enzyme. 
This enzyme, in turn, when later exposed to its substrate 
will react with the substrate in such a manner as to 
produce a chemical moiety which can be detected byl for 
example, spectropho tome trie or fluorometric means (ELISA 
system) ; : Examples of enzymes that can be used, as detectable 
labels are horseradish peroxidase, malate dehydrogenase,- 
^staphylococcal nuclease, delta-5-steroid isomerase, 
yeask alcohol dehydrogenase, alpha -glycerophosphate 
dehydrogenase, triose phosphate isomerase, alkaline 
phosphatase, asparaginase, glucose oxidase, beta-galacto- 
sidase, ribpnuclease, urease, catalase, glucose-6-phosohate 
dehydrogenase, glucoamylase, and acetylcholine esterase. 
For increased sensitivity in the ELISA system, the pro-' • 
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cedures described can be modified using biotinylated 
anybody reacting with avidin . enzyme c l 3ugat 7s 

by labelli^r 01111 ' °* anti96n als ° be ^eternined 

by labelling the antibody with a. radioactive isotope. 

The presence ox the radioactive isotope would then be 
determined by such means .as the use of a gamma counter 
or a scintillation counter Isotopes which are par- 
ticularly useful are 3 H, 125 i "3 32^ 35 " 14 

»c ^ 

. m , „ Determin ^ion of the. antigen is also possible 

2« « T Bntib0dy Wlth 3 «-"~* compound 
Ughttf 6 " UOreS " ntly labe "^ -ol.c«l. is exposed to 
be deV ,T/ r ° Per WaV6len9th ' «• P^sence can then 
be detected due to fluorescence/of the dye. Among.the 
most xmportant fluorescent labeling compounds arl 
fluorescein isothiocyanate, rhodamine, phycoerythrin 
Phycocyanin. allophycocyanin, o- P hthaldehy de , and 
fluorescamine. 

Fluorescence emitting metal atoms such as Eu 
(europ.um), and other lanthanides. can also be used 
These can be attached to the desired molecuie by means 
of metal chelating groups. such as DXPA or m * 

~ b - — e of the 1^;:;:: :™ 
immunoglobulin is then determined by detectina u, 
. of luminescence that arises during L course of a ZZZl 
reaction. Exiles of. particular^ useful chemLLl^ 

acril 5 COmP ° UndS ^ 1Umin01 ' aromatic 

a cr d.n.um ester, imidazole, acridinium salt, and oxalate 



h "^wise. a bioluminescent compound ttay filso 
be.used as a label. Bioluminescenc, is a specie, type • 
of chemilumanescence which is found in biological systems 
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and in which. a catalytic protein increases the efficiency 
of the chemiluminescent reaction. The presence of a 
bioluminescent molecule would be determined by detecting 
the presence of luminescence. Important bioluminescent 
compounds for purposes of labelling are luciferin, 
lucif erase, and aequorin. 

As. noted earlier, the invention also comprises 
kits for the detection or quantitation of native CRP 
modified CRP and immune complexes . Such a kit may com- 
prise one or more containers such as bottles vials 
tubes, and the like, each of which contains one of 'the 
separate elements to be used in the desired immunoassay 
method: for example, the kit may comprise a container 
of unlabeled or detectably labelled mAb according to 
the present invention of proper specificity. The anti- 
body may be in lyophilized form or in solution or may 
be immobilized on a solid surface like those described 
above. Other containers may comprise reagents necessary 
for determining the amount of labelled antibody or 
ancillary reagents, such as buffer solutions and standards 



EXAMPLES 



EXAMPLE 1:" Preparafi on of M mo . 1ma1 Antibody r> PP 
, .gH£ifj£ati°a of PWP: Human CRP was purified 

from pleural and ascites fluids by sequential affinity 
chromatography with PC substituted Biogel. ion exchange 
chromatography with DE52 and calcium-dependent adsorption . 
chromatography with Biogel A 0.5 m to remove residual 
serum amyloid P component (SAP) as described in Potempa 
at al., Molec. Immunol , 20, 1165 (1983). The purified 
protein was adjusted to 1 mg/ml, dialyzed against TBS- 
calcium (0.01 M Tris-HCl, 0.15 M NaCl and 0.002 M CaCl 
PH 7.3) with 0.02% (w/v) sodium aside, sterile-filtered' 
and stored at 4 C. Purity of the final CRP preparation 
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was confirmed by radial <- 

SAP and x, C . Ouchterlony J - £r 

SAP, fibronectin, Clg, cir Cls « 9 "' 

albu rain and alpha-ii poprotei " ' f ' ""^l—la, 

de Scribed in P ot emPa et p ;r Mole T _PAGE anaiyses as 

f»83J and Poten,pa et ,1 ^J^^^' *>' 1165 
(1987). * - Molec - -l5gmn°l^, 24. 531 

1"5 {l9 83). Briefiy, cJ a \ fJ-UJ^M^. 
ultra-pure urea for. 2 hr at 37°e ■ «. ' 

by dialysis a g a inst low ionic —ved 
Tris-HCl and 0.05 „ NaC l, pH 7 4J ^ T ^ 
Preparation obtained is reLredVas ^ 

with o.2x („ /v) SDS lnab ^ .-terbath f crs ffiin 

denaturation and modification of GRP. 

C. Mice: Female 5-6 we^lr o ^ 

were obtained from the Jackson IZll^lll'T 
ME) or Harlan Sprague Dawley I„ e °"*° rieS (Bar H *rbor. 
-male S-S wee, old ^ IdlV^ZT/ ^ ' 

Laboratory (Bar Harbor, me, Tu I Zt °" 
housed and maintained in the faci! ties of Z 
tive Kesearch Center of Rush Medical CoUe g e XmTT' 
t^ons began at 8-9 weeks of age. " • Immunaza- 

D ' Pro °uction of H^ridomas The mAK 
Produced by stan^^^chno^gy ^L!^ T 
systemic immunization and polyethylene (P 
fusaon as described in Kennett et al V ' 

Eduction and Characterization of ^ocLTL^odles. - 
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in Monoclonal Antibodies. Hvbr^n ^ s.; A N.w Dimension 
In Biological Analysis , p. 363 (1980). Mice were immunized 
subcutaneously in the inguinal area with purified inununo- 
gen emulsified in an equal volume of complete Freund's 
adjuvant (CFA) or incomplete Freund's adjuvant ( IFA) ,' 
6r emulsified with the RIBI adjuvant system as described 
by the manufacturer (Ribi Immunochem Research Inc., 
Hamilton, ,MX). Two intraperitoneal (i.p.) backer im- 
munizations after 2 and 6 .weeks were performed using 
antigen; in sterile saline, IFA or RIBI adjuvant. The 
mice were rested for 2-4 weeks and given a final i.p. 
injection of 100 pg immunogen/mouse in sterile saline 3 
days prior to the fusion. 

In fusion 15, unmodified human CRP in the 
presence of calcium was used as the immunogen with the 
Freund's "adjuvant system in RBF/DN mice. In fusions 
13, 21 ahdl 22, a mixture of urea- and heat-modified 
human CRP expressing neo-CRP determinants was used in 
Freund's adjuvant for immunization of Balb/c mice. In 
fusion 26, a combination of urea-CRP and heat-modified 
rabbit CRP immunogens in the RIBI adjuvant system were 
injected into Balb/c mice. All immunizations resulted 
in antibodies to both human native-CRP and neo-CRP 
specificities, although the response to the immunizing 
form tended to dominate. 

. Splenic immune lymphocytes from the immunized 
mice were fused with the hypoxanthine guanine phospho- 
ribosyltransferase-deficient myeloma FOX-NY (as de- .'■ 
scribed in Taggart and Samloff, Science . 219 . 1228 (1983)) 
using PEG 1500 (Aldrich Chemical Co. Inc. , Milwaukee, 
WI). Hybridomas were selected in the appropriate defined 
medium (HB101 or HB102; Hana Biologies Inc., Berkeley, 
CA) containing hypoxanthine, aminopterin and thymidine 
(HAT; Signfe Chemical Co., St. Louis, MO) or adenosine, 
amindpterin and thymidine (AAT; Sigma Chemical Co.), 



WO 91/00872 

PCT/US90/03487 

-ir- 
respectively. Antigen-specific clon. 

«~. J j;^ 7„ ■;;-»■' * 

below) and cloned at ieas t ^ (ELISA) (described 

A n tige „. POSitive clon :r; r r i; fi :™- «. 

^ direct ELISA on plates coated 

(d iBPlaying the neo . CRp epito ;;p an n d ative crp < — 1«- 

control protein (human trans^iT ^^^^ 

Avondale. PA) and by . ^oa^ ! Oratories. l nc .. 
bound to a PC -KLH Z*l t , " " Say USin ' <** 

don., o, ^:rcir~ — 

supplemented vlth 2% FCS The Lf^** " m6diUm 
direct ELISA on antl g en (i e -"^ ^ 

E r„n- " CRP) - coate d Plates. 

CUlt " r " " F Hybrid, L -54- = Kl . 

were cultured ^T^T^H^fTZ- ^ybridomas 
appropriate sunol I defined medium with 

opriat:e supplements (Hana Biolog ics , 
or 5 X heat-inactivated fetal calf co «ain lng 2* 

inc., Na perville, 1L) 0 002 M , ^ (Bi ° l09 ° S 

-land. NY) , 100 uni /ml \ ll^T* ^ ^ 
0-001 M sodium pyru^ ,0^^ ^ ' 

r* vrrrrsc (si9ma > ■ -u. 

^.^ x 10 /ml were cultured 4*, ~i ^. 
"as.cs in a humidified atmosphere 11 3^ I"""' 
-r stores, cells (S x 10 Wi a i were ' 
suspended in HB basal ffl ^, washed, re- 

• Methyl ^ "* "« 

xractions of thfmAff 4122 ^^-- 

sulfate as described ;in ^ * a ^T^^ 
Antibodies. Hvbridonas ■ in I^Snoclon.! . 

Asa ^lgp. 363 (1 9S 0) f „ , , ^^ -IS-Bioloalcal 
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with sodium azide, stored a-fc 7 non 

9Uanti " ted *»« extinction coe ^ ^ of ^ 

immunoglobulin.. Clent of mouse 

in ELISA, dot blot and Western ki 
included unconjugated .„,» t, "extern blot a Bsa y B 

"*y A °yicais (Rogers Am ™^ 
obtained ?fro» BoehrinLr LTI' ■ ^""njugated avidin 

. ^avy and _ light chftin anti- 

■..t-^.^ Miles Scie ntifi T ^U."^ f" 
conjugated .pat anti- rabbit ^ ^ H T^ ' f ' T HRP " 

Type Culture Collection ! 7 ° btalned from the American 

to- Dr. jfohri E. Vola~ kis . Lpt , ° btained 

of Alabama in 'si^. u ° Medicine, University 

^ Kilpatric, ItZl Zl T"^' ^ — 

^ ISen ' et I- Hvbridoma, 2 . 185 (a «)'. d "«ibed 
(PC). «b»fclt„t«i K.yh.1, "»-*«M»»Il» 
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derivatization resulted in 28 »o, i - 

10" 5 KLH. S PC Per Mr of 1 * 

°* Bi °tinv1 a tion of r-p D . p urlf , rt . 

crp »t i , , . — sunned human 

CRP at 1 mg/mi „ as i ncubated ith 

rc. Bi „ K „ W1 ™ 1/8 volume of NHS- 

Biotin (Pierce, Rockford, IL) at 1 mg/ml for 4 hr .«= 
room temperature with occasional mixino I ! 
Protein was dialy 2e d at 4°C f" 2 I h Bi ° tin * lat *<* 

of TBS-calcium buffer le f . f """" 8 
tinl , . • cutter. The biotmylated CRP prepara- 

tion showed calcium-dependent binding to PC-kL L 
reacted comparably to unlabeled CRP I tJ^SL 
: evolving anti-native-CRP and anti-neo-C^P ^ ^ 
2 Md * Synthetic y^ tirir , ; CRp 

usly provided by Dr F A Ro^ ! gener0_ 
-ntal Research: CBeJesda t ' ™ J™ ^ 
to residues 23-30 of human CRP ) p^V, d TT 
t6 residues inq 15^ a P PUde 2 (identical 

».ly provide, ty Dr Richard H *T 

..d „^„„ j£ r; „ :.rr rsr *• 

binding of calcium by CRP w tte 

" y UiCP ' See Nguyen et al. j 

a«U* ail, 10450 (1986). ■ " Biol r 



WO 91/00872 



PCT/US90/03487 

- 22 - 



• E * ' SmsA)^ 1 * 6 * Imrauno ^rb ent Assay 
v..- > 1 - Pi-rect gLISA ~ ■ 

ordSr to favot the eknrll' P "° r *° Coatin * *» 

on the plate ^ ^ °* ^ »~ "tigenicity 

BSA (in distilled water, for , .T,£ c ° * 

«* were Wiallv diluted ^ wash ^ 
aliguote added to the ve llB for 30 rain at 3 7 "c 
by washing. . Peroxidafce-conjugated goat ant ^ ■ 

and lg« (H+L) in WBS h- buffer L. JZ^'™" ^ 
^O.nat 3V.. After w ashing , So'Tab. tbst^" 

414. /» • * at a n aJbsorbance of 

414 nm (A 4 ) pn a Titertek multiscan plate „ 
Laboratories. Helsinki, Finland, r ^ **** (F1 ° W 

lutions of peptides for m • serial di- 

^eptaaes for 30 mm at 37°c r>r-i rt » * 

— tion of the fixture to the C^Z ZZ 
2 - Liaand Paptur^ ELISA 
For the ligand capture ELISA d^f^- 
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.U ti U 2ed wells coated with DO , ? ^ reco ^tion 

and ^ M t;^ i ; f :;; arbo ; ate buffer ' ph 9 - s > 

concentration producing Zu-ZIZT' T ^ " 3 
and incubated for 30 min a 37»C • * " ^ * kto « 
(50 „i at 1 x ao-9 C - Biotmylated CRP 

in ( -° ? W9/ml ) in VBS-Tween h,, f# - , 

W the presence of 0.005 M edta n „„, buffer) 
CaCI, pl us p c (at 10 -3 " ™« °-.«* M caci 2 or 0.002 „ 

th, ^ for 30 min at 30o C wel s" 38 

bated with 50 yl of avidin " W3Shed Md incu " 

-C and developed " * 

- - F "p«SS a ^ : J Fo I llowin9 a 

(1987). nitrocellulose ^ S2!yQ ^' 186. 575 

Keene, NH) were ^^Zs^TTl & ^ 
and excess buffer was reeved TjZl '° ^ 

«tted into a Bio-Dot microfiltrati" T 

Allots (50 ,1, of ^ various t e ;t pr!r ratUS (Bi0 " Rad) ' 
were dotted onto the mem b rane ov L ^° teins at = "g/ml 
vacuu m -fiitered to remove all Z e l ^ ^ " d 

Blocxin, solution (100 ,1 £ 1^ ^ 
wells and incubated for 30 In f ' added t0 the 

and vacuu m -fi.itered thro Ugh the LlllTZ^ ^ ' 

were washed three H mao rane ' The wells 

20 and 0. 002 T c 1 a r T <" ntai ^ 0-05% Xween 

Polyclonal anti-cS\ nt ^ ^"""n " ~ 

or .nore g reater than those ^"^T" 

in the ELI SA assays were mfctaT^ 30 ' reaCtivit * 
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dL'ctS 7? ainin9 m6tha - 1 — « 2 0 2 ) prepared as 

Jl l ' RiChra ° nd ' CA) ' WaB ^ to the wells 

, G " Limited ProteQlv.^ „«■ ^ rr CRp 

k tbs was di9ested with io% 
"*\ m ; ™™ or 2 3 37 ° c - ™ 

aJ "' gASEB J._ , 2, 1149a (1988). The 
digest was subjected to FPLC chromatography on a 1 x 30 
cm Superose 12 ge l filtration column (Pharmacia, PiL ta - 
■ N J} with 0.01 M TBS at a flow rate ef 0 . 3 

ToLT I ^ ^ ° f elUate Was continuous y 

monitored, and the pea* eluting at the position of penta- 
»eric CSB was collected. BioRad gel titration standard 
, nt ^ lobulin (6?0 ^ imraunoglobuiin 

(158 *Da), ovalbumin (45 kDa), myoglobin (17 kDa) and 
vitamin; B^ (1.35 , was used foE "J 

calibration of the FPLC column. 

H - Western blot assays: SDS-PAGE was carrl«H 
out on 13* polyacrylamide minislab gels (BioJ u Ing 
the buffer system described by Laemmli. Nature 227 
. 680 (1970). Protein was transferred / ZT^' 

described for the dot blot assays. ut as 

^ X -' . BeSUlts ° f FT - T ^ -' Seventeen stable mAb 
vere generated against human CRP and fir Et ^ ! 
bv ELTc:. *~ » ^. . first characterized 

in ih ? reactivities both with CRP bound to Pc-KLH 
- the presence of calcium (i.e., with ..native" CRP 
^topes) and with urea-modified CRP in the absence of 
calcium U.e.. with "neo-CRP" epitopes). Ta ble ^ 
the relative avidity of mAb to these two forms of the 

STiT " P :T yrene ?latSS " FiyS designated 
9roup I, reacted only with native-CRP ; two mAb (desig- 
nated group n, reacted with both native < 
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CRP; and ten mAb (desicm**-^ 

only with modifi ed CRP f T ^ ' ^ ZV) " aCted 

binding curves of ~» "'^ ^ th * ELISA 

Figures l E ~ d J Z^T"^ ^ ° f ««* -up. and 

antiser a to native td Z^lT^ll " l^ 1 ™ 1 
comparison. ' res P ect ively, f or 

The mAb assigned to group I did r>„+ 
with modified CRP - ot react 

- li8 ted ( rg::;: a r>r;;~d s r ter ^ 

- 0.07 „ g/ral beaded haxf.m a ;r:: n ;; t h as i" 18 

CRP. we cohcluded that these antibodies Ld bindi^ 
specificities exclusively for native CRP eoit 
group II ^ could k^v ! epltopes - The 

CRP . However both m^K and "^ified 

CRP. i„ contrast tnTmir"^ m ° r6 Str ° n9ly " ith ««v. 
nLrast ' the mAb of groups ttt =w H tx, ^ 

a sig„if icant specificity for lodifieo « ^J^f 
• ~„ lig and . bound n , tive CRp ^ ^ZtlLZl 

neo-^ ^^^rrsTS" of a native - 

. . reactivity with th a P pro^i at >^<>" Pre*erenti al ■ 
of CRP. The signified 1 °' """""^ f0rm 

ox mAb 3A1 (group J an r 6A 5 r r Prefe " ntial — tivities 

, (group IV) may reflect 

technical completions resulting from the use of hi * 
concentrations of immunoglobulin in the z hlS A * 
lower a ff inity of interaction/ or ^": yS ' 3 

antibody in the salting-out procedure ^ " 
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Table 1 



Reactivity of Ant i -CRP Monoclonal Antibodies 
— : : with CRP by ELI SA 



Antibody 



Isotype 



ELISA Analyses * 



Native 
CRP 



Modified 
CRP 



I-15-1D6 • " 
I-26-8DB 
I-22-3G12 
I-I-4H2 " V 

I- 21-3A1 

II- 15-2C10 

XX-26-1A? 

■ ■ .** ■ 

III^26-7A8 
"lH>26-Bcio 
ilIr26^6B7 

IV-13-3HI2 

IV-26-2H5> "■' 

IV-26^9C9'' 

IV-i5-3G8 

IV-26-7C6 

IV-13-12D7 

IV-26-6A5 



*2a,k 
Y2a,k 
*2a,k 

t"2b,k 
tfl,k 
Yl,k 
Tl,k 

Tf2a,k 
IP-,* 



Goat anti-native CRP 
Goat anti-neo-CRP 



0.07 
0.11 
0.21 
2.50 
24.50 

0.05 
0.06 

>20.0 
>20.0 
>20.0 

>20.0 
>20.0 
>20.0 
>20.0 
>20.0 
>20.0 
>514.00 

1.88 
8.75 



>20.0 
>20.0 
>20.0 
>40.0 
>40.0 

3.04 
1.48 

0.68 
1.59 
1.69 

0.16 
0.16 
0.21 
0.26 
0.41 
0.90 
257.00 

>20.00 
0.39 



* Values indicate pg/ml mAb IgG required for 
half-maximal reactivity in ELISA assays. 
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f^^^M- To further characterize the CRP epitojt 
reactive with the .Ah, C RP was partial ly digested 
Pronase, and the fragments were evaluated for reactivity 
With the various antibodies by Western blot analysis 
Limited Pronase digestion results in two fragments identi- 
fiable in SDS gels with molecular weights on gel filtration 
FPLC of 16 » and 6.5 kD, designated fragments A and B 
respectively, and containing the amino and carboxy 
terminals of the molecule, respectively. Fragment A 
consists of residues 1-146 and/or an additional breakdown 
product 10 residues shorter (this mixture is referred 
to as "fragment A" or "residues 1-146" herein) 
Fragment B consists of residues 147-206 (Kinoshita et al 
JASEBJ^, 2, l 149 a (1988); Kinoshita et al. submitted " 
for publication) . 

Three bands were visible on Western blots 
of the Pronase-treated CRP stained with amido black 
(Fig- 2, lane 3). The slowest migrating band corre- 
sponded to the intact CRP subunit (apparent molecular 
weight 23 kDa), the second band to fragment A and the 
third band to fragment B (Fig. 2, top to bottom). The 
results are summarized in Table 2, with the Western 
blot patterns of representative mAb from each of the 
groups shown in Figure 2. 
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Table 2 




Antibody'. 



I-15-1D6 
I-26-8D8 - 
I-22-3G12 
I-1-4H2 . • 

■ i-2i-3Ai ; 

II 7 26-1A8 

III-26-7A£ 
III-26-8qgL0 

III- 26-5B7 

IV- 13-3Kli 
IV-26-2H5 
IV-26-9C9 : 
IV-15-3G8 
IV-26-7C6 
IV-i : 3-i2D7 
IV-26-6A5.-. 

Goat, anti-^native 
CRP 

Goat anti-neo- 
CRP 



Intact 
Subunit 
(22.5 kDa) 



Western Blots # 
fPronase-treahprf rp P | 



Fragment 
A 

(16 kDa) 



Fragment 
B 

(6.5 kDa) 



+ 

+ 
+ 
+ 



+ 
+ 
+ 
+ 
+ 
+ 



+ 

- + 



+ 
+ 
+ 
+ 
+ 
+ 
+ 



# Western blot/SDS-PACE analysis of Pm na 

using the mAb at concentrations ft lS2"i S?^ d ' 
than thoBe reouired for- m=„^ ? xeast 5-fold greater 
ELISA. assays. ™ax lma l reactivity in the 
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The group I mAb, did not react with any b&nd 
on the Western blots. The group II mAb reacted with 
the intact CRP subunit, but not with either fragment A 
or B. The group III mAb reacted, with the intact CRP 
subunit and fragment A (residues 1-146), while the group IV 
mAb reacted with the. CRP subunit and fragment B (residues 
147-206). These results provided the basis for distin- 
guishing group III and group IV mAb from each other 
Thus, together with the determinant recognized by the 
group II mAb. there are at least three epitopes (i.e., 
two neo-CRP and one native CRP determinant) expressed' 
on the modified CRP molecule. Polyclonal antibody to 
native CRP did not react with any band on the SDS gels 
while polyclonal anti-neo-CRP reacted with all three 
bands, emphasizing that this latter antibody is com- 
prised of at least two different anti-neo-CRP speci- 
ficities. 

K - Further characteri sation of the mAb by 
dot blot analv Mfl: To further evaluate the grouping of 
the anti -native and anti-neo-CRP mAb defined by ELISA 
and Western blot analyses, the mAb were reacted with 
various molecular forms of CRP in a series of dot blot 
assays on nitrocellulose. The forms used included native 
CRP in the presence of calcium but not bound to PC-KLH 
and reagent-modified CRP (urea-CRP and. SDS-CRP) ex- 
pressing neo-CRP epitopes in absence of adsorption onto 
polystyrene. The related pentraxin SAP and the serum 
proteins human IgG and transferrin were used as speci- 
ficity controls. The results are shown in Table 3. 

Exactly as in the ELISA assays, group I mAb 
(1D6, 8D8, 3G12, 4H2 and 3A1 ) reacted only with native 
CRP and not. with the modified forms (Table 3). Group II 
mAb (2C10 and 1A8) reacted with both native and modified 
CRP. The remaining mAb (groups III and IV) reacted 
only with urea- or SDS-modified CRP but not with native 
CRP either in the presence or absence of calcium. 
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Table 3 

Reactivity of Anti-CRP Honoclortal Antibodi.s 
with Intact CRP and CRP Peptides 
by Dot Blot Analysis 



Antibody* Native SDS-CRP Ures-CRP CRP Peptides SAP 

CRP 12 3 4 



I-15-1D6 


4 
















I-26-BD© 


♦ ■ 
















I-2Z-3G12 


* 
















I-1-4H2 


















I-21-5A1 


















H-1S-2C10 


♦ 
















II-26-1A8 


♦ 
















XII-26-7A8 




+ 














III-26-BC1P 




"+ 














III-26-6B7 


















IV-13--SH12 




+ 














IV-26-9C9 




+ 














IV-26-2K5 














♦ 




IV-15-3GB ' 




+ 










♦ 




IY-26-7C6B 


















IV-13-12D7 




+ 










4- 




IV-2fr-6A5f 


















Goat enti- 


















netive CRP 


♦ 
















Coat anti-. 


















neo^-CRP 




♦ 


♦ 













■ Tha eAb were used at concentrations at least 5-fold preater then -those required 
for- exinal reactivity in the ELZSA assays. 



f Group IV eAb" 26-7C6 end 26-fcAS could not be tested, because of hiph background 
reactivity with nitrocellulose. 
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. L * Reactivity of mAb with synthetic CRP 
peptides : For more precise mapping of CRP epitopes, 
the mAb were tested for reactivity with four synthetic 
CRP. peptides, first by dot blot analysis^ The results 
are shown in Table 3. Five of the mAb which bound to 
fragment B (3H12, 9C9, 2H5, 3G8 and 12D7) displayed 
reactivity with the C-terminal octapeptide of CRP 
(peptide 4). The other two mAb of group IV (7C6 and 
6A5) could not be evaluated by' this assay because of 
background reactivity. Peptides 1, 2 and 3 were not - 
• recognized by . any of the mAb. 

To further elaborate on the specificity for 
peptide 4, the ability of the terminal octapeptide to • 
inhibit the binding of the mAb to CRP was evaluated by 
ELISA. All the mAb which reacted with peptide 4 by dot 
blot analysis were inhibited by the peptide in these 
ELISA analyses. The binding of 7C6 to CRP also was 
inhibited completely by peptide 4, while the interaction 
of 6A5 was not. 

Figure 3 shows the inhibition curve of the 
binding of a representative group IV mAb (3H12) by 
peptide 4, and the lack of " inhibition by peptides 1-3. 
Whether the inability to demonstrate a reactivity of 
mAb 6A5 with peptide 4 by direct binding or peptide 
inhibition reflected a real specificity difference or 
another factor, such as its apparent lower titer or a 
low affinity, is not yet clear. 

M - Characterization o f mAb to human CP T> 
obtained from other laboratory* . Previously reported 
mAb to human CRP were obtained from other laboratories 
and tested for reactivity with both native and modified 
CRP. These included HD2-4, a calcium-independent mAb 
which lacks anti-PC idiotype activity, and EA4-1 and 
BB-9, which both are calcium-dependent antibodies with 
anti-PC idiotype reactivity. Results of ELISA, dot 
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blot and Western blot analyses are shown in Table 4. 
HD2-4 displayed anti-native CRP reactivities indistin- 
guishable from those of the group I mAb, while BB-9 and 
EA4-1, exhibited both anti-native- and anti-neo-CRP re- 
activities in a pattern characteristic of group II anti- 
bodies; " 



Tabla j 

C.t^orir.tioo of Anti-CRP mAb Pr^.^rf in oth . r Lfcb or.iori,st 



Antibody : Loiyp. EL1SA H«t.m Blots Dot Blot 

Reactivity* PronMe-troatod Analyse 

CRP 

H»tive Hodfd Intact Fro Frg Nat SOS- Urea - 

r • CRP CRP SUx^t A B CRP CRP CRP 



>B.B5 



JEV-HDMt £ M«n a -2» > k o.«<i 

RFM-BB9-2t BMwa-l,k 12.50 100.00 

JEV-EA4-M B«w»-l,k 2.5 1. 5 



» ItincQy' provided by Dps. John E. Volanaki, and Richard F. Hortansen. 

N. Calcium dependent and PC inhibits n+ Y 
of epitope reactive with th» m*h : The effects cf calcium 
and phosphorylcholine (PC) on the reactivity of the mAb 
with fluid, phase CRP were tested by a capture ELISA 
which measured their ability to bind biotinylated CRP 
when the mAb was immobilized on the assay plates coated 
with goat anti -mouse Ig G . The results are shown in 
Table 5. 
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. Table 5 



Antibody 



I-15-1D6 

I-26-8D8 

I-22-3G12 

I-1-4H2 

I-21-3A1 

JEV-HD2-4 



II-15-2C10 

H-26-1A8 

JEV-EA4-1 



III-26-7A8 . 
III-26-8C10 
III-26-6B7 



CRP in 
Calcium 



0.759 
0.253 
1.049 
0.248 
0.195 
0. 888 



1. 620 
1.541 
0.918 



0.018 
0.007 
0.062 



CRP in 
EDTA 



0.258 
0.288 
0.816 
0.000 
0.885 
0.813 



1.443 
1.482 
<0.002 



0.022 
<0.002 
0.069 



% 

change 



-66% 
<1S% 
-22% 
-100% 
+ 454% 
<15% 



<15% 
-100% 



IV-13-3H12 

IV-26-2H5 

IV-26-9C9 

IV-15-3G8 

IV-26-7C6 

IV-13-12D7 

IV-26-6A5 



<0 . 002 
<0.002 
0.033 
0.015 
<0. 002 
<0.002 
<0.002 



0.008 
0.017 
0.002 
0.011 
<0.002 
<0.002 
<0.002 



or O.OOS M EDTA ?h» ?, ? resence °£ 0.002 M CaCl 

concentration of mS^nicn"^^*^ at ^ e 

binding of biotinylated c£p 6howed half -»>tAJmal 
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.All the group I and II anti-native-CRP mAb 
■ bound ed phase CRP in the presence or calcium. However 
-the. reactivities of CRP with most ox these antibodies 
vere^ignificantly influenced by. the concentration of 
calcium available. The reactivities of three of the 

TZrl a?tib ° dieS With CR * -« "duced in the presence 
of EDTA. (4H2, IDS and 3G12 by 100%, 66 % and 22^ re- 
spectively), that of 3A1 was enhanced approximately 
. four-fold, while that of 8D6 was not affected at all 

(<15% change). Pour of the group I mAb could, therefore 
, be described as- recognizing" calcium-dependent or calcium 

influenced epitopes. The binding of the group M anti- 
bodies 2C10 and 1A8 was not significantly changed when 

ITT " ^ PreS ^ e — -ties 

1 C \T : ^ rSPOrted -^P-dent mAb HD2-4 ■ 

and caiciun.-dependent mAb EA4-1 are shown for comparison. 
No anti-neo-CRP mAb, either from grQup „ 

was able to bind fluid phase native CRP in the presence ' 
of either calcium or EDTA. 

V- ^ hC intera =tions of the group I and II mAb 
;;.«ith ^CRP ip- the presence of calcium were tested for 
instability by PC. P igure 4 Bhows inhibition data 
using, representative mAb. Of the mAb reported in this 
Paper only mAb 4H2, which had shown absolute calcium 
dependence,in,the assay utilized above, was inhibited 
by PC.. The. reactivity of mAb EA4-1, a known PC-in- . 
hxb a jable mAb tested for comparison, was similarly in- 
■ hibited by PC. ' 

— Cross-ReactTvltv „^ b lt nBP ^ 0> „ 

before amino acid sequence data confirmed the 
highly conserved homologies among the C-reactive proteins 

species ' 6eroi ° 9ic eviden « Eh °- d e^; : 

immunologic cross-reactivities between the C-reactive 
proteins of different species. Certain antisera to 
human CRP cross-reacted with rabbit, monkey, chicken 
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dog, horse, mouse, guinea pig and rat acute phase 
proteins (reviewed in Baltz et al. , Ann. N. V ^ 
§S±.. 273. 49 (1982)). Niisson utilized comparative 
Ouchterlony analyses ,o identify, three antigenic de- 
terminants on human CRP: one determinant found only on 
human CRP; one found, on human and monkey, but not on 
rabbit CRP; and one shared by human, monkey and rabbit 
proteins. See Niisson, Int. Arch. »n.. 71 , ^ 545 
(1967). More recently, Rees et al., Clin. Inrnm^T 
Immunopathol , M . 95 (1988) showed that a polyclonal 
antibody reactive with human neo-CRP, but not with native 
CRP, determinants cross-reacted with modified rabbit 
CRP. 

Some mAbs described herein, .while selected 
for reactivity with human native- and neo-CRP epitopes 
did show some cross-reactivity with rabbit CRP Pre- 
liminary studies with selected mAb showed that the group I 
mAb 8D8 cross-reacted with native rabbit CRP. other ' 
group I specificities (e.g.. i D6 and 4 H2) were directed 
to human CRP only. Group II, m and Iv ^ w±th anti _ 
neo-CRP reactivities (2C10, 6B7, 7A8, 3H12 and 9C9 were 
tested) cross-reacted significantly with modified rabbit 
CRP in appropriate ELISA and Western blot analyses 
suggesting that the anti-neo-CRP mAb might be useful in 
Phylogenetic investigations of C-reactive proteins 
generally. Furthermore, the group III and iv mAb tested 
mapped to similar Pronase-generated fragments on rabbit 
as well as human CRP. 

Despite the high degree of homology between 
human CRP and human SAP (see Osmand et al., PrpcNatl 
Acad. Sci. TISft , 74, 739 (1977); Lei et al., J Biol 
Shenu, 260. 13377 (1985); Woo et al. , J. Biol. ^ 
150, 13384 (1985)). none of the mAb described herein' 
reacted with SAP. A similar lack of cross reactivity 
had been reported with polyclonal antibodies raised to 
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these molecules, Maudsley and Pepys, Immunology . 62 , 17 
(1987). However, the results described herein were 
limited by the immunization and screening procedures 
used. 

: JLl Summary Of Results : The mAb presented 

herein were divided into four groups based upon the 
reactivities observed. All the anti-native human CRP 
mAb (groups I and II) showed reactivity with both ligand- 
associated and free (i.e., native) CRP in the presence 
of calcium. However, the group I anti-native mAb did 
not .react with CRP. modified in the absence of calcium 
and did not detect CRP subunits in SDS-PAGE. The group II 
mAb showed significant, although reduced, reactivity 
with neo-CRP determinants in the absence of calcium but 
readily detected CRP subunits in SDS-PAGE. The group III 
and IV mAb did' not react with native CRP either in the 
presence of absence of calcium, but reacted strongly 
with the modified forms of CRP. These results suggest 
that epitopes recognized by group I mAb are conforma- 
tional and discontinuous in amino acid sequence, while 
epitopes recognized by group II, III and IV mAb probably 
are comprised of continuous amino acid sequences which 
are not exposed or expressed until the molecule is un- 
folded or modified in certain other ways. 

CRP is a calcium-binding protein with one or 
two calcium binding sites per subunit (Gotschlich and 
Edelman, Proc. Natl. Acad. Sci . USA . 57 , 706 (1967). 
Removal of calcium from CRP produces a detectable change 
in the circular dichroism spectrum of CRP, Young and 
Williams, J . Immunol . , 121, 1893 (1978). The importance 
of calcium to the reactivity of CRP with certain anti- 
bodies wa&: demonstrated by Volanakis and his colleagues 
(see Kilpatrick. et al., Molec. Immunol. . 19 , 1159 (1982); 
Volanakis et al., J. Exp. Med. . 153 . 16QA (1981)) who 
described i"ca 1 cium- dependent , PC- inhibi table, as well as 
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calcium-independent, mAb reactivities. Our capture 
assay clarifying the influence of calcium on epitope 
recognition by anti-native CRP mAb identified two types 
of calcium dependence. They were an enhanced reactivity 
in the presence of calcium and an enhanced reactivity 
in the presence of EDTA. Of importance is the fact 
that all the calcium-inf luenced epitopes involved in 
reactivities with the mAb described herein were native- 
and not neo-CRP determinants and reacted with mAb assigned 
to group I. However, one of the five group 1 antibodies ' 
and both of the group II antibodies reacted with epitopes 
which were not influenced by the presence or absence of 
calcium. The mAb which displayed the greatest dependence 
on calcium (4H2) also was inhibited by PC, suggesting 
that, like the mAb described by Kilpatrick et al., Holec 
Ina " Uno1 - ' 1159 (1982), this mAb has "anti-idiotype" 

reactivity with the PC-binding site of CRP. 

A summary of the data with our mAb suggest 

that there are at least four epitopes detectable on 
native human CRP by the group I mAb: 1) a calcium-de- 
pendent, PC-inhibitable idiotope identified by mAb 4H2; 
2) a calcium-dependent, non-PC-inhibitable epitope identi- 
fied by mAb 1D6; 3) a calcium-inf luenced, - EDTA-enhanced 
epitope identified by mAb 3A1; and 4) a calcium- 
independent epitope identified by mAb 8D8 which also 
displays a unique cross reactivity with rabbit CRP 
The group II mAb (i.e., 2C10 and 1A8) recognize a fifth 
native CRP epitope, which unlike -the other four, is 
retained as the molecule is altered by the various treat- 
ments . 

Neo-CRP epitopes were defined using CRP modi- 
fied in the absence of calcium by immobilization onto 
plastic, by urea or SDS treatments or by limited digestion 
with Pronase, and further localized utilizing synthetic 
CRP peptides. Although neo-CRP epitope expression had 
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been shown in previous studies principally to require a 
modification in the absence of calcium (see Potempa et 
- al.. Molec. Immunol , 20, 1165 (1983); Potempa et al 
Molec. Isnunoj , 24.. 53, (1987))., immobilization of CRP 
on polystyrene ELISA plates in the presence or absence 
of Calcium resulted in equivalent expression of anti- - 
neo-CRP epitopes. In addition, the antibody capture 
assay shoved that chelation of fluid phase CRP alone 
did. not lead to the expression; of neo-CRP epitopes. 
The absence of calcium may favor the modifications which 
e*pose neo-CRP epitopes, such as urea, heat and protease 
treatments, but neo-CRP expression itself does not appear 
to be dependent on either the presence or absence of 
calcium. .:V 

.Antibodies to neo-CRP epitopes which are not 
expressed on fluid phase or PC-bound CRP in the presence 
of calcium, but are expressed by urea- and SDS-modified 
CRP. react with the CRP subunit and Pronase-generated 
fragments of CRP on Western blots. The group III anti- 
neo^CRP reactivity was localized to residues 1-146 of 
the CRP subunit (fragment A of the Pronase digest), 
while reactivity of the group IV mAb was localized' to 
residues 147-206 of the CRP subunit (fragment B of the 
Pronase digest) and predominantly to the C-terminal 
octapeptide of CRP. The data indicate that there are 
minimally two neo-CRP epitopes expressed only on modi- 
fied CRP conformations and at least one epitope seen on 
native CRP which is retained after the various modifi- 
cations. 

EXAMPLE 3: Assays Of Normal A nd Acute Phase S e r-» 

Studies with representative mAb in Berum pro- 
tein' electrophoresis and immunof ixation analyses of 
normal and acute phase sera showed that group I and II 
anti-native CRP mAb (1D6. BD8 and 2C10) can detect CRP 
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mAb from Groups III or Iv _ lth a nti-neo-CRP 

surest that L r port of t' ""^ ^ 2C1 ° 

acute Phase serum : °; t ; 7TTZr c r ity in 

?4 r'mo-,* 1 -' Molec. Immun oJ 

f gr : ^ c :r: P hav ;. been due *^==^r«; 

i.e. to a natTve^ 6D C : t 7 *" ^ -gent, 
form. natlve CRP ^itope retained on the modified 

forms, and may not be indicative of a „» i 
neo-CRP determinant. «» 

E XAMPLE 4, TmmMnnM stocj^mical^a^' ' 

CRP. Representative anti-neo-CRP mAb facin I ! 
as well as 4.- (BC10 and 3H12) 

well as anti-native mAb (IDS and BD8) reacted wit* 
frozen sections of certain human liver specimens 
gesting that both native CRP anrf ^Pecamens sug- 

are naturally occurring "*«*««*«.. 

in vivo and for structure-Iuncti ^ 9 EPit ° PeS 
»ent- and cell-activating £^^2."^ 1 

-erred ~™Sf f ^ " " ^ 
-rein, were ^J^^^T^T^ 
Collection CA.CC) on Ju ne „. l^"^.^ 
Designation 

Used Herpin ATCC 

— Recession No 

I- 15-1D6 

II- 15-2C10 HB 10178 

III- 26-8C10 HB 10175 

IV- 13-3H12 HB 10176 

HB 10177 
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WE CLAIM : . 

1. A monoclonal antibody to C-reactive protein 
(CRP) which" has the following specificities: 

a) reacts with native human CRP; 

b) does not react with modified human CRP; 
:-c) does not react with intact human CRP 

subunit;. 

d) does not react with fragment A of Pronase 
digested human CRP; 

e) does not react with fragment B of Pronase 
digested human CRP; 

f) does not react with, CRP peptides 1, 2, 3 

or 4 j and 

g) does not react with serum amyloid P 

component < 

\ \ • * '* 

2 . A monoclonal antibody according to Claim 1 
which has the further specificity that it recognizes a 
calcium-dependent epitope on native human CRP. 

. 3. A monoclonal antibody according to Claim 2 
which has the further specificity that its reactivity 
with native human CRP is inhibited by phosphorylcholine . 

,4. A monoclonal antibody according to Claim 2 
which has -the further specificity that its reactivity 
with native human CRP is not inhibited by phosphoryl- . 
choline. ; .' 

5. A monoclonal antibody according to Claim 1 
which has : the further specificity that it recognizes a 
calcium-influenced, EDTA-enhanced epitope on native 
human CRP. 
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which h A "° n0ClOnal antibody according to Claim 1 
I caLil S Z SP6CifiCiti " «»* it reco.ni.es 

relet It P 8 ^ ° n natiVe hU »- 

reacts with native rabbit CRP; 

r 

r A m ° t,0Cl0n ? 1 ^tibody to C- reactive protein 

(CRP ) wh ich has the follwing 8pecificitiesi 

a) reacts with native human CRP; 

b) reacts with modified human CRP; 

c) reacts with intact human CRP subunit- 

„. d> dOSS n0t r6act with Segment A of Pronase- 

digested human CRP; *-ronase- 

C) d ° eS n0t " act vith fragment B of Pronase- 
digested human CRP; ° nase 

on „ « V reC ° 9nizes a "^^-independent epitope 
on native human CRP; H p 

no* • „-v 9) reactivit y ^ native human CRP ±. 

not inhibited by phosphorylcholine; 

or 4; h) d ° eS " aCt With CRP Peptides 1, 2. 3 

i) reacts with modified rabbit CRP- and 

5) does not react with serum amyoid P component. 

8- A monoclonal antibody to C-reactive protein 
(CRP) which has the following specificities: 

a) does not react with native human CRP; 

b) reacts with modified human CRP; 

c) reacts with intact human CRP subunit- 
buman CRP,^ ^ * °* — se-di^sted 

tested human CRp" ^ *"* 



or 4; 



f) does not react with CRP peptides 1, 2, 3 
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-: : g) is not able to bind fluid phase native 
human CR^ in the presence or absence of calcium; and 

does not react with serum amyloid P component 

■ 9. A monoclonal antibody according to Claim 

B which has the further specificities: 

■•h) reacts with modified rabbit CRP; 

• - ^.i) :- reacts with intact rabbit CRP subunit; 

reacts with fragment A of Pronase-digested 
rabbi t CRP ; and 

• k) does not react with fragment B of Pronase- 
digested rabbit CRP. 

10. A monoclonal antibody to C-reactive protein 
(CRP) whicV has the following specificities: 

; a) does not react with native human CRP; 
.b) reacts with modified human CRP; 
f) reacts with intact human CRP subunit; 
fl) does not react with fragment A of Pronase- 
digested human CRP; 

e) reacts with fragment B of Pronase-digested 
human CRP ; . 

f) does not react with CRP peptides 1, 2 or 

3; 

^) is not able to bind fluid phase native 
, humarf CRP. in .the presence or absence of calcium; and 

h) V does not react with serum amyloid P component. 

11. A monoclonal antibody according to Claim 10 
which has the further specificities: 

£) reacts with modified rabbit CRP; 

i) reacts with intact rabbit CRP subunit; 
'iV does not react with fragment A of Pronase- 
digested rabbit CRP; and 



• : v; 
. i. 
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rabbit CRP^ ""^ fra9ment B ° £ ^"nase-digested 

_ 12- A monoclonal antibody according to Claim 10 

anH * h * brid ° ma "Pable of producing a monoclonal 

anybody according to any one 6f Claims l-l 2 . 

fCRP / 4 " \ f™ 0355 ^ f ° r «tiva C-reactive protein 
CHP wiLT 1 9 1 C ° ntaCtin9 3 BamPle — -tiCe 

15. An immunoassay for modified C-reactive • 

C^il e i2 . nOCl ° nal antib ° dy aCCOrdin * ^ any one of 

16- A kit for performing an immunoassay for native 
C-reactive protein comprising a container of 
antibody according to any one of cTZ7l 7 —'o^ 

17. A kit for performing an immunoassay for modif j 
C-reactive protein comprising a container of t ZZl , 
antibody according to any one of Claims 8-L m ° nOCl ° nal 
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